Summary: The epithelium of the anal tonsil of the laboratory shrew was studied by scanning and transmission electron microscopy, with particular attention focused on the structure of the epithelium lining the anal tonsillar crypt. The tonsillar crypt surface is lined by two kinds of epithelia: squamous epithelium, which is located mainly at the neck of the crypt and includes keratohyalin granules in the superficial layer, and reticular epithelium, which is invaded by many immigrating cells and has several micropores immigrating cells to pass through. In addition, basal granulated cells are present in the basal layer. These results suggest that the reticular epithelium of the anal tonsil belongs to the welldeveloped gut-associated lymphoid tissue (GALT) in the alimentary canal. It represents a specialized and important compartment in immunological function, similarly to the palatine tonsils of other mammals, and has as yet unknown roles in digestion.
The laboratory shrew (Suncus murinus) belongs to the Insectivora and is reproductive under laboratory conditions. There have been a number of studies of the morphology of several organs of the laboratory shrew (Kondo et al., 1985) , but the special organs near the ostium urogenitoanale have not been investigated in detail. We identified a new tonsil-like structure in the ostium urogenitoanale around the anus, which was named the anal tonsil (Kubo and Isomura, 1996; Sakai et al., 2002) . Ortmann (1960) found similar structures in 7 species of land mammals and in various cetaceans (Cowan and Brownell, 1974; Yamasaki et al., 1977; Komatsu, 1979; Cowan and Smith, 1995) . However, these studies did not deal with the fine structure on the epithelium of the anal tonsil.
The present study clarified the special features of the epithelium of the anal tonsil in the laboratory shrew by scanning (SEM) and transmission electron microscopy (TEM).
Materials and Methods
Twenty-eight laboratory shrews (Suncus murinus) of both sexes were examined on days 40 to 120 after birth. Animals were bred in our laboratory animal center in an air-conditioned room (room temperature: 24 G 1 C, humidity: 55 G 5%). For electron microscopy, under anesthesia by intraperitoneal injection of sodium pentobarbital (60 mg/kg), the animals were first perfused with 5 ml of 0.1 M phosphate-buffered saline (pH 7.4) through the left cardiac ventricle, followed by an ice-chilled fixative containing 4% paraformaldehyde and 1% glutaraldehyde buffered with 0.1 M phosphate (PB, pH 7.4). After sufficient fixation, the caudal half of each animal was removed with scissors. All the tissues around the ostium urogenitoanale except the skeletal elements of the pelvis and the tail were then carefully removed with scissors and forceps under a dissecting microscope and immersed in the same fixative for 24 h.
For SEM observation, the anal tonsil and their surroundings were trimmed off, post-fixed with 1% osmic acid, dehydrated through a graded alcohol series and t-butyl alcohol, and dried with JFD-310 (JEOL, Tokyo, Japan). They were coated with gold and examined using a JSM 840 electron microscope (JEOL). For TEM observation, tissue specimens from other animals were then dehydrated through a graded ethanol series and embedded in EPON 812. Ultrathin sections were cut with an ultramicrotome, stained with uranyl acetate and lead citrate, and examined with a JEM 2000FX electron microscope (JEOL).
Results
The anal tonsil only had the first crypt penetrating into the lymphoid tissue without the secondary crypt at the central part (Fig. 1A) . The surface of the superficial layer showed two kinds of morphology (Fig. 1B) . The epithelium of the neck in the crypt had a smooth surface (Fig. 1B black arrow, left upper part), while that at the bottom of the crypt showed a cobblestone-like appearance covered with oval or small round epithelium due to swelling of individual cells (Fig. 1B white arrow, right lower part). TEM observation revealed the architecture of the epithelium of the neck, a non-reticulated area in which only a few invading cells, such as lymphocytes, were observed ( Fig. 2A white arrow) . In contrast, the architecture of the epithelium at the bottom of the crypt was characterized by massive infiltration of leukocytes (Fig. 2B black arrows) , which belonged to the reticulated area, and even basal-granulated cells were found in the basal layer ( Fig. 2B white arrow) . Some capillaries were seen in the parafollicular region below the epithelium ( Fig. 2A and B Cap). Lymphocytes were seen to be passing through the basement membrane and the wall of these vessels.
The epithelium of the anal tonsil was composed of 3 kinds of cell layer: the superficial, intermediate, and basal layers.
The smooth surface area was covered with squamous epithelium with cells in polygonal shape (Fig. 3A) , most of which had typical microridges on the apical surface (Fig. 3A white arrows, and Fig.  3B cell surface). They were connected to adjacent cells by tight junctions (Fig. 3B white arrows) and included several keratohyalin granules (Fig. 3B  black arrows) .
On the other hand, in the area with a cobblestone-like appearance at the bottom of the crypt, swelling of the superficial cells seemed to cause A. Irregular and closely packed typical anastomosed microridges (white arrows) were found on the stratified squamous epithelium of the anal tonsil at higher magnification of the crypt. Bar 2 mm. Â5,100. B. A superficial cell of the epithelium has short and blunt microridge and keratohyalin granules in the cytoplasm (black arrows).
Tight junctions (white arrows) and interdigitations were seen between adjacent cells. Bar 200 nm. Â33,500. C. The neighborhood of the squamous epithelial cells of the cryptal surface. The cobblestone-like epithelial cells were gathered together (white arrow) or seen singly (black arrow). Bar 5 mm. Â1,720. D. A peeled epithelial cell can be seen on the surface of the epithelium including an inclusion body (black arrow). Bar 1 mm.
Â3,000.
peeling of epithelial cells with inclusion bodies (Fig. 3C and D) and formed clots or were existed alone. Moreover, migrating cells passed through either small pores of the reticular epithelial superficial cells (Fig. 4A, 4B white arrow) . On TEM observation, these cells seemed to be lymphocytes, plasma cells, erythrocytes (Fig. 4C arrows) , or neutrophils (Fig. 4D arrow) .
Many migrating cells that appeared to be lymphocytes, plasma cells, macrophages, and neutrophils were seen to be present in the intermediate layer of the reticular epithelium, either singly or in groups of two or more cells (Fig. 5A and B) . Some of the lymphocytes contained lipid droplets (Fig. 5B  arrows) and mitochondria in their cytoplasm. The intermediate layer consisted of cells that were oval in shape, some of which had inclusion bodies in the cytoplasm (Fig. 5C black arrows) .
The basal layer consisted of a single row of cuboidal cells, which were relatively large and oval or irregular in shape (Fig. 6A and D) . These cells supported the intermediate layer, and included some tonofilaments (Fig. 6A black arrows) . A few large lymphocytes (Fig. 6B) , dividing lymphocytes (Fig. 6C) , and basal granulated cells (Fig. 6D) were observed between the basal cells. The last cells included many dense-cored granules in their cytoplasm (Fig. 6E black arrows) .
Discussion
The laboratory shrew (Suncus murinus) is a small insectivore suitable for laboratory use and phylogenetically has a recent common ancestor with humans (Kondo, 1985; Lin et al., 1986) . This animal has a pair of palatine tonsils in the fauces (Kimura and Tohya, 1989 ) in addition to the anal tonsil. Kimura and Tohya (1989) reported that the surface of the palatine tonsils in the laboratory A. An infiltrated cell can be seen through a tonsillar epithelial cell (white arrow). Bar 2 mm. Â3,500.
B. An infiltrated cell can be seen between the tonsillar superficial cells (white arrow). Bar 2 mm. Â3,900. C. Erythrocytes (arrows) were observed beneath the superficial cells of the epithelium. Bar 2 mm. Â2,550. D. A neutrophil (arrow) can be seen on the surface of the epithelium. Bar 2 mm. Â3,250.
shrew has a peculiar cobblestone-like structure with several pores and typical-anastomosed microridges of mucous epithelial cells. The surface structures of the palatine tonsil are similar to those of anal tonsils.
There have been several reports on the pore on the palatine tonsil surface (ultracrypt in humans, Lenz, 1971 ; microcypt, Mogi and Maeda, 1978; micropore, Kawabata, 1978 ; canine, Belz and Hearth, 1995) but the rabbit does not have clear holes (Olah and Everett, 1975) . In humans, these pores are small in size and seem to form gap-like structures between epithelial cells. The pig has many big distinct holes on the surface of the palatine tonsils (Belz and Hearth, 1996) . In the laboratory shrew, there were only a few holes in the anal tonsils, which seemed to be gaps between the epithelial cells, very similar to those in humans. The holes in the anal tonsil are considered to help the invading cells to migrate easily from deeper in the parafollicular region to the cryptal surface.
Although there are regional differences in the epithelial structure, the epithelium of the tonsil is commonly composed of 3 layers, invading lymphocytes, macrophages, neutrophils, and plasma cells (lympho-epithelial symbiosis) (Perry, 1994; Belz and Hearth, 1996) . These invading cells were observed in the crypt epithelium of the anal tonsil as well as the palatine tonsil of other animals. The epithelial structure of the anal tonsil is very similar to that of the palatine tonsil, which suggests that they have similar functions. The epithelium of the anal tonsil was seen to include small and large lymphocytes, dividing lymphocytes, and epithelial cells with inclusion bodies. These features suggest that the lympho-epithelial symbiosis of the anal tonsils includes recognition and capture of macromolecule and microorganism antigens, and that they carry out antibody formation on the basis of the information from the lympho-epithelial layer.
On the other hand, basal granulated cells were detected between the basal cells of the epithelium in the laboratory shrew. These cells occur in extensive areas of the digestive tract in different species, including the human colon and rectum (Osaka et al., 1971) , and are known to produce various types of gastrointestinal hormones. These observations suggest that the anal tonsil functions not only in antigen-antibody reaction between the anus and ostium urogenitoanale but that it also has other as yet unknown roles in digestion.
